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EXECUTIVE SUMMARY 
 
 
 A Department of Energy (DOE) Office of Science project review of the Center for 
Nanophase Material Sciences (CNMS) was conducted at Oak Ridge National Laboratory (ORNL) 
on July 20-22, 2004.  The review was conducted at the requested of Dr. Patricia M. Dehmer, 
Associate Director for Basic Energy Sciences, Office of Science and the project’s Acquisition 
Executive.  The purpose of the review was to evaluate the project’s technical, cost, schedule, 
management, and ES&H status. 
 
 The CNMS project is a highly collaborative multi-disciplinary research center, co-located 
with the Spallation Neutron Source and the proposed Joint Institute for Neutron Sciences at 
ORNL.  The CNMS is approximately 80,000 square feet, consisting of a four-story office and 
laboratory building and a connected single-story, clean-room building.  The Total Project Cost 
was $64.9 million at the time of the review.  The project was 24.7 percent complete compared to 
a planned 25.2 percent complete.  Project completion (Critical Decision-4b, Approve Start of 
Full Operations) is scheduled for September 2006.  Overall cost contingency has been reduced 
since the December 2002 DOE review from $8.9 million to $7.0 million.  This is 16 percent of 
the remaining costs, which is adequate for this stage of the project.  There is one month of 
schedule float for the CD-4a, Approve Start of Initial Operations, date and three and one-half 
months for the CD-4b date. 
 
 Overall, the Review Committee concluded that the CNMS project was being managed 
effectively.  The scope and specifications were sufficiently defined to support the cost and 
schedule presented, and consistent with the FY 2005 Project Data Sheet and the proposed 
Revision-2 of the Project Execution Plan.  The information in the DOE Project Assessment 
Reporting System is consistent with physical progress.  The ES&H aspects of the project were 
adequately addressed and Integrated Safety Management Principles are being followed.  The 
project had responded appropriately to the recommendations from past DOE reviews. There 
were four Committee recommendations resulting from this review:   
 

1. Better integrate the SNS, as a premier, world-class investigative technique for 
nanoscience and technology into the scientific program;  

2. Add additional control milestones from the upcoming critical activities to monitor 
schedule progress, and include the status of these milestones in future project 
monthly reports; 

3. Finalize the prioritized list of facility and/or scientific equipment needs to obtain with 
any remaining project funds; and  
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4. Complete the Transition to Operations plan with clear definition of both Federal and 
contractor roles in the facility acceptance process. 

 
 In summary, the Committee concluded that this project is doing well.  As such, there was 
only one action item resulting from this review:  The project is to conduct a status mini-review at 
DOE Headquarters in the May-June 2005 timeframe. 
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1. INTRODUCTION 
 

The Center for Nanophase Materials Sciences (CNMS) will integrate nanoscale research 
with neutron science; synthesis science; and theory, modeling, and simulation—bringing together 
four areas in which the United States has clear national research needs, and creating synergies that 
will have significant impact on scientific research by accelerating the pace of scientific discovery.  
The tools and scientific expertise of CNMS will be accessible to university, industrial, and 
laboratory researchers through a peer review process.  The external scientific community is an 
essential partner in developing and operating CNMS so that it is successful in achieving its 
scientific and technical mission.  The first CNMS Planning Workshop was held October 24-26, 
2001 at Oak Ridge National Laboratory (ORNL), and was attended by a large number of scientists 
from university, industry, and national laboratories.  The purpose of the workshop was to stimulate 
participation in the scientific community for planning and operation of the CNMS.  A second 
planning meeting was held June 23-25, 2002, in Knoxville, Tennessee to investigate Candidate 
Research Focus Areas for CNMS. 
 

The CNMS major scientific thrusts will be in nano-dimensional “soft” materials; complex 
nanophase materials systems; and theory, modeling, and simulation.  The CNMS will provide 
access to the full cycle of materials design, synthesis, characterization and analysis, and properties-
modeling capabilities at the nanoscale in order to rapidly advance understanding and permit 
tackling problems of a scope, disciplinary breadth, and complexity that is beyond current 
capabilities.  The CNMS will provide the research infrastructure and environment needed to 
support highly collaborative research and multidisciplinary research education, including resident 
scientific collaborators, both long- and short-term visiting scientist positions, and technical support 
personnel. 
 

The CNMS will use the intense neutron beams available at the new Spallation Neutron 
Source (SNS) and the upgraded High Flux Isotope Reactor to make broad classes of related 
nanoscale phenomena accessible to fundamental study for the first time.  The significance of this 
neutron science focus is that neutron scattering provides unique information about both static 
and dynamic nanoscale self-organization that is complementary to data provided by other 
techniques.  The CNMS will play an important role in strengthening the U.S. based neutron 
science community by helping it to provide scientific leadership in emerging research on 
nanoscale materials and processes. 
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The CNMS will be co-located with the SNS and the Joint Institute for Neutron Sciences 
on ORNL’s SNS “new campus”.  The CNMS will occupy a nearly 80,000 square-foot building 
containing “wet” and “dry” materials synthesis and characterization laboratories; clean rooms; 
materials imaging, manipulation, and integration facilities; computer-access laboratories; and 
office space for staff and visitors.  The layout of the office-laboratory complex is designed to 
maximize collaborative, multidisciplinary, and educational interactions.  
 

 The CNMS was selected for construction after an extensive peer review conducted at the 
end of April 2001.  Five proposals from national laboratories were received for the establishment 
of five Nanoscale Science Research Centers (NSRC).  The process for selection of the NSRCs 
involved review of the proposals by a group of experts having knowledge of both nanoscale 
science and the operation and management of centers and user facilities.  The review included 
examination of the written proposals and oral presentations by each laboratory proposing an 
NSRC.  The reviewers provided individual evaluations of each proposal.  After consideration of 
their comments, proposals were ranked according to the criteria established.  
 

The Total Project Cost of the CNMS project is $64.9 million.  This includes a Total 
Estimated Cost of $63.9 million and $1 million of Other Project Costs.  The TEC includes 
approximately $25 million, including contingency, allocated to technical instrumentation.  Critical 
Decision 0, Approve Mission Need, was approved and the project validated in June 2001. 
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2. SCIENTIFIC PROGRAM 
 
2.1 Findings 
 

The technical program proposed for CNMS has been expanded in detail under seven 
themes, four of which are research directions (macromolecular complex systems, functional 
nanomaterials, nanoscale magnetism and transport, and catalysis and nanobuilding blocks) and 
three are enabling facilities with their associated research programs (nanomaterials theory 
institute, nanofabrication research laboratory and nanoscale imaging, and characterization and 
manipulation).  Each of the themes is managed by two individuals:  a scientific leader and an 
operational leader.  Currently, Dr. Linda Horton serves as Project Director for Construction and 
oversees all other administrative aspects of the project including ES&H.  During operations, 
CNMS will be managed by Director, Dr. Doug Lowndes, and Dr. Horton will serve as Deputy 
Director (both report to ORNL Associate Laboratory Director, Dr. James Roberto).   
 

Based on internal discussions, recommendations by external reviewers, and two other 
exercises that sought input from external users, CNMS’s instrumental and facilities holdings 
were refined and a clear understanding has emerged of the Center’s equipment priorities. 
Approximately $22 million will be dedicated to equipment purchases.  CNMS leadership has 
also identified high-field, solid-state nuclear magnetic resonance as the next equipment priority 
in line should funds become available.  
 

Three advisory committees have been established to provide guidance, project priority, 
and advice.  Two (the Users Executive Committee and the Proposal Review Committee) report 
to the CNMS Director.  A “blue-ribbon” Scientific Advisory Committee (SAC) reports to the 
Associate Laboratory Director, Dr. Roberto. 
 
2.2 Comments 
 

The Committee was impressed with Dr. Lowndes’ scientific leadership and Dr. Horton’s 
management of the construction project.  The Committee felt that the process used to prioritize 
and execute instrumental purchases was a good one and that appropriate choices have been 
made.  The bidding process used to purchase equipment seems to have gone smoothly so far and 
the prices proposed by vendors appear fair.  Indeed, one vendor secured the order for the e-beam 
writer by bidding competitively and including a scanning electron microscope in the bargain.  

A prime component of the CNMS is its external user program that appears to have been 
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appropriately planned, implemented, and staffed.  Prudently, participation by users has already 
begun through the “jump start program” before the completion of the CNMS building, allowing 
the CNMS to create the user protocols and resolve some of the challenges before it is fully 
operational. 
 

The plan to tie in the “Nanomaterials Theory Institute” with the much larger 
computational center at ORNL is potentially a great boon to the ability of CNMS to remain 
computationally competitive and world-class. 
 

The Committee felt that management has done a credible job in planning the scientific 
program.  However, it felt that the integration of the program with the SNS, arguably the best 
facility of its kind world-wide, has not been effected as fully and as directly as might have been 
the case.  This is undoubtedly due, in part, to the fact that the SNS will not be fully operational 
for some four years.  Nevertheless, it would be profitable to consider more deeply how neutron-
based techniques could be used to advance nanoscience, thereby capitalizing on the unique 
opportunities provided by the proximity of the SNS.  
 

It was felt that although the SAC has many distinguished members who are, indeed, icons 
of modern science by virtue of their distinction, the SAC seems to lack sufficient representation 
by the people who are currently creating and leading the nano field.  Management’s plan of 
adding five members to SAC in the near future may offer the opportunity to augment the 
composition of SAC along these lines.  
 
2.3 Recommendation 
 

1. Better integrate the SNS, as a premier, world-class investigative technique for 
nanoscience and technology into the scientific program. 
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3. CONVENTIONAL FACILITIES 
 
3.1 Findings 
 

CNMS conventional facilities consists of an approximately 80,000 square-foot office and 
laboratory building that includes three clean room areas of progressively higher quality.  
Baseline cost for the building is $34.9 million, and it is scheduled for completion in April 2005 
(CD-4a, Approve Start of Initial Operations and Beneficial Occupancy). 

 
The CNMS building is being constructed under a firm-fixed price construction 

subcontract to the Caddell/Blaine Joint Venture.  Overall construction management is the 
responsibility of the Knight/Jacobs Joint Venture, the Architect/Engineer-Construction Manager 
for the adjoining SNS and for the CNMS general construction (excluding all technical equipment 
and its installation).  

 
As of May 2004, the CNMS building was 29.7 percent complete versus a planned  

30.6 percent (cumulative schedule performance index = 0.98), and was running slightly under 
budget with a cumulative cost performance index = 1.03.  The overall project has $7.0 million of 
contingency remaining, of which approximately $3.3 million is associated with the conventional 
facilities.  Approximately 14.3 percent contingency will be yielded on the remaining 
conventional facilities work. 

 
Since award of the original construction subcontract, two Baseline Change Proposals 

(BCP) have been approved that added $1.2 million to the conventional facilities baseline.  In 
addition, there is a pending change of approximately $48K that will be incorporated into a future 
BCP.  The nature of these changes have been for omitted scope, functional improvements of 
baselined scope, and for new scope identified through new information gained in technical 
forums that add flexibility for later facility upgrades.  Collectively, these changes have amounted 
to less than five percent in cost growth, and incorporation of the changes did not incur losses due 
to facility demolition or equipment discard (commonly referred to as “breakage”).  

 
An earned value performance measurement system is in place to monitor progress of the 

conventional facilities construction.  Monthly progress data, at a range of WBS levels from 3-5, 
is provided from Caddell/Blaine to Knight/Jacobs, and then to UT/Battelle for documentation 
into the project monthly reports to DOE.  Both Knight/Jacobs and UT/Battelle perform progress 
verification checks of the reported data. 
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The UT/Battelle project lead has identified 17 control milestones for managing the 

construction effort.  Five have already been completed through June 2004; however, the last 
milestone completed (Complete Structural Steel) was approximately one and one-half months 
late.  Remaining control milestones for 2004 are in the September-November time-frame, and 
the construction subcontractor has identified 11 “critical activities” that will complete between 
June and September. 

 
A formal project risk analyses process is in use that considers an item’s probability of 

occurrence and the consequences of occurrence.  Risk items cover design, construction, 
procurement, safety, and budgetary vulnerabilities; and the spectrum appears to be reasonable. 

 
Safety culture at the construction site is very good, and the contractor identified a few 

facility design changes (hood sizes, furnace canopy, gas cabinets) that were driven by Integrated 
Safety Management analyses of operational hazards. 
 
3.2 Comments 
 

Planning and execution of conventional facilities work is going very well.  General 
construction is covered under fixed price contract that has undergone relatively little change since 
award, remaining procurements supporting construction are nearly complete, and physical 
construction is nearly one-third complete.  These circumstances lead to a high confidence that the 
conventional facilities will be completed within planned costs.  The greatest threat to successful 
completion appears to be associated with maintaining the construction schedule.  Given the delay 
observed in the most recently completed control milestone (Completion Structural Steel) and the 
number of near-term critical activities planned; it would appear that UT/Battelle should increase 
its monitoring of schedule progress, and report that progress to the DOE (monthly reports). 
 
3.3 Recommendations 
 

1. Identify additional control milestones from the upcoming critical activities as control 
points for monitoring schedule progress, and include the status of these milestones in 
future project monthly reports. 
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4. ENVIRONMENT, SAFETY AND HEALTH 
 
The review addressed construction safety, facility design details identified in previous 

reviews, scientific equipment hazards analysis, and Integrated Safety Management (ISM).  The 
CNMS project has clearly given ES&H focused attention.   
 
4.1 Findings and Comments 
 

Three recommendations made during the December 2002 DOE review have been 
satisfactorily addressed. 

 
No issues were identified in the 

construction safety program.  The SNS 
construction project’s safety philosophy 
has been effectively applied to the CNMS 
building construction.  At the time of the 
review, the CNMS project contractors 
had worked 60,000 construction hours 
without a lost-time or recordable incident. 
 The apparent attention to detail in 
housekeeping and layout of the CNMS 
material observed during the facility site 
visit reflected the level positive project 
construction performance. 

 
The project has a process in place to identify hazards associated with new scientific 

equipment called the “Research Safety Summary.”  This identifies equipment specific and 
associated work related hazards for each CNMS laboratory and identifies appropriate safety 
controls at a high level.  This analysis process will provide a baseline for the analysis of 
proposed experiments when the project commences operations.  The CNMS is also adopting 
proven experiment safety review processes being used by other ORNL divisions to define 
work/experiment-specific safe work procedures. 

 
In addition to logging laboratory work in a laboratory notebook, it is suggested that the 

CNMS consider generating a document from the experiment safety review process that can be  
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posted at the door of each laboratory that readily identifies the activities and associate hazard 
controls underway for the benefit of management and individuals with oversight responsibility. 

 
ISM principles are being applied on the SNS project in construction and preparation for 

installation and commissioning of technical systems. 
 

4.2 Recommendations 
 

None. 
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5. COST ESTIMATE 
 
5.1 Findings 
 

The Total Project Cost of the project is $64.9 million as of Baseline Change Proposal (BCP) 
07.  This includes a Total Estimated Cost of $63.9 million and Other Project Cost of $1 million.  A 
comparison to the original baseline cost estimate at the December 2002 DOE review is shown in 
Table 5-1. 

 
Table 5-1.     Original Baseline Cost Estimate Compated to BCP-07 (million dollars) 

 
 IPR BCP-07   
WBS 2.1 Technical Equipment $24,910  $22,015 
WBS 2.2 Conventional Facilities $30,240 $34,872 
Contingency (% of work to go)  $ 8,850 (16%) $ 6,995 (16%) 
Total TEC $64,000 $63,882 
Other Project Costs  $ 1,000    $ 1,000 
Total TPC $65,000 $64,882 

 
Overall project contingency is currently estimated at $7 million or approximately 16 percent 

of the remaining costs.  A Risk Assessment Plan is in place that identifies major areas of risk for the 
project and includes mitigating actions—it is reviewed monthly and formally updated as needed.  
Mitigating actions are underway to minimize consequences of identified concerns on the project.  
The Technical Equipment Plan includes a prioritized list of additional equipment that could be 
procured if sufficient funds remain near the end of the construction phase of the project. 
 
5.2 Comments 
 

The project’s cost baseline is consistent with the FY 2005 Project Data Sheet and the 
proposed Revision-2 to the Project Execution Plan. 

 
The Committee concluded that the remaining contingency is adequate, taking into 

account that 40 percent of the technical equipment cost estimate is based on commitments and 
that a fixed price contract for the conventional construction is in place.  The contingency is 
supported by and consistent with an appropriate project-wide risk analysis.   
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5.3 Recommendations 
 

None. 
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6. SCHEDULE and FUNDING 
 
6.1 Findings 
 

The project schedule of Critical Decision (CD) approvals is as follows: 
 

CD-0  Approve Mission Need   June 13, 2001 
CD-1  Approve Preliminary Baseline Range  February 22, 2002 
CD-2  Approve Performance Baseline  September 5, 2002 
CD-3  Approve Start of Construction  February 3, 2003 
CD-4a  Approve Start of Initial Operations  April 30, 2005 
CD-4b  Approve Start of Full Operations  September 30, 2006 

 
The overall project is 24.7 percent complete through May 2004 compared to a planned 

25.2 percent.  The conventional construction is 29.7 percent complete compared to the plan of 
30.6 percent.  The construction contractor has provided a recovery plan to correct this variance.  
Technical equipment is on schedule at 7.1 percent complete. 

 
There is one month of schedule contingency for the CD-4a date and three and one-half 

months for the CD-4b date. 
 
The current funding profile per the FY 2005 Project Data Sheet is shown in Table 6-1. 
 

Table 6-1.     Budget Authority Profile (million dollars) 
 

 2001 2002 2003 2004 2005 2006 Total 
TEC-PED  1,500 988  2,488
TEC-
Construction 

 23,701 19,882 17,811  61,394

OPC 250 225 100 250 100 75 1,000
Total 250 1,725 24,789 20,132 17,911 75 64,882

 
 
6.2 Comments 
 

The overall project schedule, project start, and project completion are consistent with the  
FY 2005 Project Data Sheet and the proposed Revision-2 to the Project Execution Plan. 
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The Committee concluded that the schedule and funding are credible and reasonable.   
The total duration of 21 months for the conventional construction includes one month of 
schedule contingency.  The schedule contingency is supported by and consistent with an 
appropriate project-wide risk analysis.  The information in the DOE Project Assessment 
Reporting System (PARS) is consistent with physical progress. 

 
6.3 Recommendations 

 
None. 
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7. MANAGEMENT 
 
7.1 Findings 
 

The CNMS project is being managed appropriately for this stage of the project.  The 
Integrated Project Team is very capable and demonstrates a good working relationship based on 
frequent communications including routine (weekly and monthly) meetings and reports.  The Project 
Team has presented a credible plan for completion of the project within cost and schedule baselines. 

 
Earned Value Management System (EVMS) performance data appears to reflect actual 

project conditions and PARS data is accurate and consistent.  Monthly and quarterly progress reports 
are prepared by the Federal Project Director and are provided to DOE management as required. 

 
Project risk analysis and contingency plans are credible and reasonable.  Remaining 

contingency of approximately $7 million represents approximately 16 percent of remaining 
work, which appears adequate for this stage of the project.  Monthly EVMS reports are used by 
Project Management to identify potential schedule impacts.  If necessary, recovery plans are 
prepared by subcontractors to minimize impacts to project completion. 
 
7.2 Comments 
 

The project continues to benefit from close interface with the SNS project.  Continuation 
of this partnership is recommended.  Knight/Jacobs Joint Venture provides continuity between 
projects and insures safe, consistent site management. 

 
The possibility of delaying CD-4a until October 2005 was discussed, since facility 

operating funds will not be available until FY 2006.  The Committee recommended completing 
CD-4a in April 2005 as currently planned, and funding building maintenance and operation with 
line-item funds.  

 
The CNMS project has updated the risk management plan and utilized the results to 

identify contingency requirements for remaining project components.  At this time, it is 
appropriate to begin planning for the possibility that some contingency funds will remain after 
project completion.  The project should continue development of a prioritized list of facility 
and/or scientific equipment needs to obtain with any remaining project funds. 

The CNMS has prepared a draft Transition to Operations plan that provides a clear 



 14

roadmap to beneficial occupancy and operations for CNMS.  The plan should clearly define both 
Federal and contractor roles in the facility acceptance process. 
 
7.3 Recommendations 
 

1. Finalize the prioritized list of facility and/or scientific equipment needs to obtain with 
any remaining project funds. Complete this prior to CD-4a. 

 
2. Complete the Transition to Operations plan, with clear definition of both Federal and 

contractor roles in the facility acceptance process. Complete this prior to CD-4a. 
 














































